Abstract. Three scales of temporal variability were present in methane (CH4) flux data collected during a 2.5 year (mid-1990-1992 We conclude that temporal variability in flux is significantly influenced by climate/weather variability at all three scales and that rainfall appears to suppress methane flux for at least several days at this site.
parameter, however, cannot address the issue of short-term (intraseasonal) variability. In a multiyear study at several sites in Minnesota, Dise [1993] also reports a strong seasonal signal, interannual variability in this fundamental signal, and variability during the warm season flux period. A strong correlation between methane flux and peat temperature (10, 20, or 30 cm) describes the fundamental seasonal signal . Including depth to water table in regressions of soil climate against methane flux generally did not improve the correlations significantly.
Fluxes in 1989 at the Minnesota sites were generally higher than in 1990; Dise [1993] suggests that this may be due to interannual variability in climate, as both peat temperature and precipitation were greater in 1989 than in 1990.
Two hypotheses have been suggested for the high intraseasonal variability often observed in warm season fluxes at a single site. Moore et al. [1990] report significant methane flux pulses during mid-August at two of three sites in northern Quebec. They attribute these pulses to a 3-week dry period, with a consequent lowering of the water table (5-10 cm). This lower water table will reduce hydrostatic pressure in the submerged peat, causing a degassing of dissolved methane, as was evidenced by reduced pore water methane concentrations [Moore et al., 1990] . The hydrostatic pressure of 10 cm water (= 980 N m -2-1 kPa -0.01 atm) is on the order of normal variations in atmospheric pressure; 2-3 kPa drops in atmospheric pressure seem to cause a bubbling release of methane in beaver ponds (N. Roulet, personal communication, 1994). Windsor et al. [1992] describe two types of episodic fluxes from northern Quebec peatlands. The first occurs during spring thaw and they suggest that it is associated with the release of winter methane production trapped under the winter ice cover. The second type, brief events in midsummer, are again attributed to a falling water table. Dise [1993] also observed methane flux pulses at several sites in Minnesota, again following a period of lower precipitation and dropping water tables. However, the following year, a similar pattern of little rain and lowering water tables did not produce observed pulses. Shurpali et al. [1993] , in a single-season, eddy correlation methane flux study at a different Minnesota site, report five episodic emissions of methane, each -5 days long, with fluxes roughly double pre-and postepisodic fluxes. They attribute these flux episodes to significant drops in atmospheric pressure (-2 kPa) and falling water tables, each contributing to reduced hydrostatic pressure and degassing of dissolved pore water methane. Shurpali et al. [1993] suggest that these episodes will not occur at every low pressure event or water table decline because, following an episodic release, sufficient time must elapse to regenerate a dissolved methane pool. The episodic events observed in northern Quebec did not correlate with drops in air pressure [Windsor et al., 1992] .
Below, we present multiyear methane flux data from a peatland in southeastern New Hampshire and correlations of methane flux with several environmental parameters. We then develop a model of peat soil climate driven by daily weather and compare it with measured variables. Finally, we use the model and field observations to investigate the degree of control climate/weather plays on the observed temporal variability in methane flux at this site. We also propose a third cause, precipitation patterns, for the high degree of intraseasonal variability observed. During the period of this study, peat and air temperatures were monitored at the fen with 20 type T thermocouples at depths from 50 cm above to 50 cm below the fen surface. The thermocouples were multiplexed (model AM416, Campbell Scientific, Inc., Logan Utah) and referenced to a 249 kW thermistor probe (model 107B, Campbell Scientific, Inc.). Rainfall and snowmelt were measured with a tipping bucket rain gauge (model TE525, Campbell Scientific, Inc.) with an accuracy of 1% at rainfalls of 5 cm or less per hour. After September 19, 1991, water level was monitored continuously in a 15-cm ID well with a potentiometer connected to a float [Roulet et al., 1991] . Four other wells in the fen were measured manually at 7 to 14-day intervals during the entire study. The automated instruments were queried every minute, and the hourly average (or sum in the case of precipitation) was stored with a model CR10 data logger (Campbell Scientific, Inc.) until retrieved by phone link weekly. The met station was powered by a 12 V dc battery that was kept charged with a small solar power cell.
Field Study of Methane Flux
Methane flux was measured using a static chamber technique [Crill et al., 1988] at roughly 7-day to 2-week intervals at the same three sites at approximately the same time of day (midmorning) throughout the period of this study (a fourth chamber site was added in July 1992). Aluminum collars that covered 0.397 m 2 were cut into the peat to a depth of 8 cm water-filled groove on the collar to serve as a seal. The chamber was equipped with a thermistor to measure the enclosed air temperature (to calculate internal air mass) and a brushless, battery-operated fan. The large volume was used to minimize pressure disturbances and allow larger-volume samples to be removed from the chamber. The large surface area also reduced small-scale variability and possible edge effects due to the collar.
Fluxes were measured by sealing the chamber on the collar and removing 60 mL aliquots of the headspace gas at 4-min intervals for 20 min with polypropylene syringes with siliconized polypropylene plungers. The syringes were sealed with either polycarbonate/nylon or polyethylene/nylon, three-way stopcocks. Methane samples were stable in the syringes for at least 48 hours. The samples were returned to the lab, allowed to equilibrate to laboratory temperature for 2 hours, and analyzed for CH 4 and CO2 within 3 to 5 hours after collection. Samples and standards were dried across CaSO4 as they were loaded onto the injection loop. Methane was analyzed with a flame ionization detector equipped gas chromatograph (FID-GC) using 2 m (n = 78, r2= 0.14). WRP and DTWT were uncorrelated (n = 376, r2= 0.05).
We suspect that methane flux at Sallie's Fen is suppressed by rain and associated run-on. There are several potential mechanisms for this suppression (1) the delivery of oxygenated water to the fen surface; (2) a flushing of methanogen substrates out of the fen; (3) a flushing of dissolved methane out of the fen; and/or (4) a rising water table increasing pore water hydrostatic pressure and suppressing methane degassing. This apparent suppression of flux by rain would also contribute to the result presented earlier of higher fluxes with lower water tables. Two additional factors may contribute to the low flux/high water table correlation; first, the water table is often high in early spring and late fall (and winter) when fluxes are suppressed by cool weather, and second, when the water table is high, surface water flow through the very porous surface peat may be relatively high, continually flushing the system to some degree. Stagnant water would be more conducive to an anaerobic state. Measurements of water flow through the surface peat and pO2 in the surface water are needed to clarify consisting of collapsed and partially to significantly decomposed underlying peat that is usually water saturated. The deeper layer has lower porosity and much lower hydraulic conductivity than the surface layer. We adopted this for the peat soil climate model, which consisted of two distinct 
where Fic e is the fraction of the soil water that is frozen, Tso 1 is the temperature at which all soil water is frozen (-1 øC), and rli q is the temperature at which all soil water is liquid (0øC). Using the apparent heat capacity method [Lunardini, 1981 [Lunardini, , 1988 
where c is the volume heat capacity, k is the thermal conductivity, r/is the soil porosity, S is the fractional waterfilled pore space, (1 > S > 0), the subscripts refer to the solid (organic matter or ice) and liquid (water) components of the ,
soil, and Lf is the latent heat of fusion for water (333 J g-•)
when the peat temperature is in the freeze/thaw range and zero otherwise. Total profile ice thickness was calculated as the sum of each model layer's ice content, including only those layers with ice content greater than 20%. Boundary conditions. Input weather data for the peat temperature model included daily average air temperatures. The surface boundary condition adopted assumed that the soil surface temperature (skin temperature) was approximately equal to the local air temperature. (We observed for daily means that rsurf = 0.03+ 0.97rair; n = 682; r 2= 0.85). This temperature was applied to the first model node (z = 0 cm). The boundary condition at the bottom of the modeled soil profile is given by the heat flux resulting from the temperature gradient between the bottom node and the mean annual air temperature at a fixed depth below the modeled profile. To capture the seasonal ice thickness, this depth was set at 135 cm below the peat surface. Evaporation water loss; Since sphagnum vegetation is short and a sphagnum terrain is relatively smooth, it will have a relatively high resistance to turbulent exchange with the atmosphere, and it is likely that available energy will dominate evaporative losses, rather than vapor pressure deficit and turbulent mixing due to wind [Romanov, 1968] . Evaporation losses were calculated in the model using the [Rouse, 1984] Using the temperature regression alone (see (1)), some short-term variability was present, but simulated fluxes were much smoother and some of the oscillations were not present (Figure 7b ). In addition, the many low fluxes observed during midsummer reduced the strength of the temperature response in the temperature only regression, so simulated midsummer fluxes were low. The role of precipitation and hydrology in short-term variability is apparent. Modeling the temperature dynamics of a peat profile can be accomplished with traditional soil physics techniques and appropriate thermal properties for the peat material. Efforts to develop a traditional soil physics model of peat soil water profile dynamics were hampered by the lack of adequate data on the hydraulic properties of a peat profile. However, the simple bucket model developed in this study shows promise for simulating water table dynamics in peatlands without a strong interaction with the surrounding watershed (i.e., bogs). The hydrology of the peat profile in a fen, where hydrologic interactions with the regional watershed at times dominate the system, will require a more complete watershed model. The linking of a model of peat soil climate and a process-based model of biogeochemical processes within a peat profile will allow for the assessment of the impact of anticipated climate change on methane fluxes and the general carbon balance of northern peatlands.
Conclusions

